Summary
Introduction
Due to aging of the world's population, age-related diseases are becoming a growing economic burden not only for the Swiss population but also for the world. Alzheimer's disease (AD) -a form of dementia -refers to a progressive and irreversible neurodegenerative disease characterised by decline in cognition, impaired social behaviour in the late stage of the disease, memory loss, disorientation and other neuropsychiatric symptoms [1] . The prevalence of dementia highly increases with age from approximately 0.1% in the 30-64 year old age group to more than 30% in people aged 90 and older [2, 3] . The worldwide prevalence of dementia has been estimated to increase from 35.6 million people in 2010 to 115.4 million people in 2050 [4] . Assuming that at least 60% of dementia cases are caused by AD [5, 6] , many more people will be affected by dementia due to AD in the following years. About 70% of worldwide costs of dementia occur in Western Europe and North America, although China has the largest dementia population [7] . Worldwide annual costs per case in 2009 were USD 12,200, whereas lowest annual costs per case were found in Africa (USD 4,400) and highest annual costs per case were reported in North America (USD 26,700) [7] . Total estimated worldwide costs of dementia were USD 604 billion in 2010 [4] . As mentioned before, about 60% of dementia cases are caused by AD. Assuming that around 60% of the dementia costs are also related to AD, the total worldwide cost of Alzheimer's dementia in 2010 would have been USD 362 billion. A Swiss analysis of the costs of AD in 1998 per-formed by Volz et al. reported total costs of about CHF 3.24 billion (USD 3.34 billion) [5] . The standard treatment of Alzheimer's dementia in Switzerland is either a mono treatment with a cholinesterase inhibitor or memantine, depending on the Mini Mental State Examination (MMSE) score of the patient. Several studies have shown that the combination treatment of a cholinesterase inhibitor and memantine prolongs the time an Alzheimer's dementia patient is able to live at home and therefore, delays the admission to a nursing home due to a statistically significant and clinically relevant better effectiveness of the combination treatment [8] [9] [10] [11] . However, these benefits only start occurring after one year of combination therapy [10] . After two combination treatment years nursing home admission rate decreases by 20% and after five years of treatment by 40% [10] . Further, the combination treatment has no association with time to death [10] . A recent prospective randomised study performed by Howard et al. found no significant benefit of adding memantine to donepezil [12] . However, the study duration was only one year. In contrast, a recent systematic review by Farrimond et al. [13] including sources of unpublished data concluded that there is a small but significant effect of memantine combination treatment on cognitive, global and behavioural measures. As the majority of costs are caused by informal or institutional care (about 90%) and medication costs are very low (about 0.4%) [5, 14] , using the combination treatment instead of the standard treatment could result in overall cost savings due to major savings in informal and institutional care despite the increase in medication costs. Several studies performed in different countries [15] [16] [17] [18] [19] [20] [21] [22] found memantine alone compared to standard care (treatment with cholinesterase inhibitors or no treatment) to be either the dominant strategy with health benefits and cost savings or a cost effective strategy with an additional health benefit. Combining the treatment of a cholinesterase inhibitor with memantine was found to be the cost saving strategy compared to the use of a cholinesterase inhibitor alone [23, 24] . Combination treatment is already reimbursed in several European countries, e.g. Germany, France, Spain, Italy, Sweden, Finland, Portugal, Belgium, Denmark (restricted reimbursement), Greece and Hungary, but not yet in Switzerland. The aim of this study was to estimate the potential budget impact and cost-effectiveness of the combination treatment of a cholinesterase inhibitor and memantine in Alzheimer's dementia over five years in Switzerland assuming that reimbursement of the combination treatment would be available from 2012.
Data and methods
The following analyses are mainly based on the results of the prevalence based cost of illness study performed by Kraft et al. [14] . The study by Kraft et al. estimated the costs of dementia from a societal perspective by including direct and indirect costs. Mainly Swiss data sources were used for calculating the costs. The amount of hours of informal care per person was retrieved from a synthesis of 27 international studies. Medical resource use and costs were assessed using aggregate data from publicly available databases (top-down) as well as survey data and expert opinions (bottom-up). Detailed methods regarding cost calculations have been described and published in earlier reports [14, 25] .
Prevalence estimates
Due to the lack of actual patient registry data on the prevalence of Alzheimer's dementia in Switzerland, we estimated the number of patients with dementia by using European dementia prevalence rates based on Harvey et al. [2] for people less than 65 years of age. For people older than 65 years of age, we assigned prevalence rates reported by Hofman et al. [3] . Both prevalence rates have already been used by Kraft et al. [14] and ECOPLAN [25] . We calculated the number of dementia cases in the year 2011 by applying these prevalence data to the annual Swiss demographic figures 2011 of the Swiss Federal Statistical Office (SFSO) [26] . Dementia cases in Switzerland for the years 2012, 2013, 2014, 2015, and 2016 were calculated by using future Swiss demographic figures of the SFSO [27] and applying the same age-dependent prevalence rates as for the calculation of 2011. Sixty per cent of the calculated dementia cases were assumed to be caused by AD.
Budget impact analysis
Because Swiss healthcare costs for 2011 had not been published at the time the two analyses were conducted, we based our healthcare cost calculations for the years 2011, 2012, 2013, 2014, 2015 , and 2016 on the updated ECOPLAN [25] healthcare cost calculations for dementia for 2009 [28] . Direct costs included hospital costs, nursing home costs, outpatient nursing (Spitex) costs, physician costs, medication costs and costs for the memory clinics. Indirect costs consisted of informal care of family members of Alzheimer's dementia patients. As mentioned in the introduction, about 60% of dementia cases are due to AD [5, 6] . We assumed that 60% of dementia healthcare costs are also caused by AD. Direct and indirect costs (except medication costs) were estimated to annually increase by 5% [29] . Medication costs for the mono treatment (either a cholinesterase inhibitor or memantine) only and the combination treatment (a cholinesterase inhibitor and memantine) were calculated separately. We asked the largest health insurer in Switzerland, Helsana, to provide us with their available data regarding the frequency of memantine and cholinesterase inhibitor use and the average annual medication cost Structure of the Markov model from Lachaine et al. [23] .
per person in Switzerland for each substance separately. According to the Swiss Alzheimer's Association and an IMS Health study, only about 25% of Swiss Alzheimer dementia patients are treated with antidementia drugs [30, 31] . Modelling prevalence estimates for the year 2012 until 2016, we could calculate total medication cost per year for the mono treatment. As the combination treatment is not yet reimbursed in Switzerland and hence no Swiss prescription data were available, we utilised empirical values from a French study [32] . In France, combination treatment has been reimbursed since 2007 for moderate to severely affected AD patients with an MMSE score of 10-20 [33] . The study by Tifratene et al. [32] included 26,809 AD patients, of which 52% had an MMSE score of 10-20, among which about 19% were treated with the combination treatment. Based on these values, we calculated additional treatment costs for Switzerland due to the implementation of the reimbursed combination treatment for the years 2012 to 2016 from a payer perspective.
Cost-utility analysis
For the cost-utility analysis we used the Markov state transition model ( fig. 1 ) developed by Lachaine et al. [23] in Microsoft Office Excel. The Monte Carlo simulation based cost-utility analysis was performed from two perspectives: a health care system perspective (only direct costs) and a societal perspective (direct and indirect costs). One Markov cycle corresponded to one year. The time horizon of the model was limited to seven years because most input data were based on the findings of Lopez et al. [10] . The model assumed that initially all patients are at home and not yet institutionalised. Two different scenarios were compared: costs of the mono treatment over seven years compared to costs of the combination treatment over seven years. The primary outcome measures of the model were incremental cost-effectiveness ratios (ICERs, costs per quality adjusted life year [QALY] ). For the model calculations, most input data already used by a French adaptation [24] of the original Canadian model [23] and mainly based on the findings of Lopez et al. [10] were adopted due to lack of data specific for Switzerland (table 1). Lopez et al. conducted an observational study in 943 eligible AD patients receiving cholinesterase inhibitors and memantine, only cholinesterase inhibitors or neither to examine time to nursing home admission and death. The utility value 0.6 used in the model for an Alzheimer's patient being at home is a combination of the utility value "before full-time care" [34] and "mild to moderate" AD [35] . A patient admitted to a nursing home had a utility value of 0.34 referring to "severe to very severe" AD [35] . The transition probabilities from "home to nursing home" and "home to death" determined by Lopez et al. [10] were maintained. In the French adaptation [24] , a survival function was developed for the model with a median survival time of 4.5 years from onset of dementia based on a French prospective community based cohort study reported by Helmer et al. [36] . Compared to the treatment with a cholinesterase inhibitor alone, the combined treatment with a cholinesterase inhibitor and memantine prolonged the time in community about 8.9 months [10] . Swiss-specific indirect and direct costs were used for the model [25] .
Average costs per patient were calculated by dividing the individual cost components (e.g. hospital costs, physician costs, etc.) by the number of patients either at home (58% [14, 25] of 68,053 patients in 2011) or in a nursing home (42% [14, 25] of 68,053 patients in 2011). In the base-case cost-utility analysis, costs and benefits were discounted at a rate of 3%.
Sensitivity analysis
A sensitivity analysis was conducted based on the variation of the original model [23] . Costs and utilities were varied between 80% and 120% of the original values (variation factor of 1.2). The transition probabilities were varied from 50 to 200% (variation factor 2) of the original values. Discount rates of the costs and benefits in the sensitivity analysis were either 0% or 5%. fig. 2) . Calculating the medication costs caused by the combination treatment with the French values [32] , additional costs of around CHF 1.7 to CHF 1.9 million annually would occur ( fig. 2 ). Related to total health care costs of Alzheimer's dementia, drug costs are very low. The ECOPLAN [25] 
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Budget impact analysis
to the demographic chang es in Switzerland favouring an older population and the European dementia prevalence rates, the number of Alzheimer's dementia patients would steadily increase over the next five years. This would lead to an annual increase of medication costs of about CHF 0.6 to CHF 0.7 million between 2012 and 2016 assuming only mono treatment (
Cost-utility analysis
The cost-effectiveness threshold used in the US varies between USD 50,000 and USD 100,000 per QALY [38] . NICE cost-effectiveness thresholds for the UK are set at GBP 20,000 to GBP 30,000 per QALY [39] . There is no official cost-effectiveness threshold in Switzerland, but CHF 100,000 per QALY is most often used. The assumed median survival time over five cycles was the same for both therapies (mono and combination treatment) and represented 3.33 years. Patients treated with a cholinesterase inhibitor remained at home for 2.85 years, whereas patients treated with a cholinesterase inhibitor and memantine could stay at home 0.45 years longer compared to those treated with the mono treatment and were admitted to a nursing home for only 0.03 years. QALYs were calculated by multiplying the utility values for "home" and "nursing home" with the corresponding time spent either at home or in a nursing home. Compared to the mono treatment, the combination treatment generated a benefit of 0.12 QALYs (table 5) . Despite additional medication costs, the combination treatment saved costs of CHF 27,656 per patient over five years compared to the mono treatment from a health care system perspective. Savings of the combination treatment over five years from a societal perspective were substantially lower (CHF 4,780). The ICER's of the combination treatment were dominant (more benefit, less costs) from both perspectives (table 5) . The cost and benefit differences between the mono treatment and the combination treatment were even higher after seven years, favouring the combination treatment. Additional medication costs over five years caused by the implementation of the reimbursed combination treatment would be approximately CHF 9.5 million. The cost-utility analysis showed that CHF 27,656 per patient over five years could be saved by using the combination treatment. Estimating that about 1,800 (approximately 18,000 are treated, 52% of those have an MMSE 10-20 and 19% receive combination treatment) patients would be treated with the combination treatment in the years 2012 to 2016, roughly CHF 50 million could be saved in care costs. Based on long term considerations, the combination strategy was the dominant strategy.
Sensitivity analysis
Almost all results of the sensitivity analysis showed the robustness of the base case findings. One exception was the reduction of direct health care costs to 80% of the base case assumptions. In this case, the combination treatment led to higher costs than the mono treatment, but only from a societal perspective.
Discussion
This study calculated the budget impact and the cost-effectiveness of the combination treatment of a cholinesterase inhibitor and memantine in Alzheimer's dementia in Switzerland assuming reimbursement to have started in 2012. Additional medication costs due to the combination treatment from the years 2012 to 2016 were CHF 9.5 million and were very low in relation to total health care costs caused by the disease. The cost utility analysis showed that the combination treatment saved care costs of about CHF 50 million between the years 2012 to 2016. Despite causing additional drug costs of approximately CHF 10 million from 2012 to 2016, the combination treatment would generate net savings of CHF 40 million. The sensitivity analysis confirmed the robustness of the results. Strength and limitations of the cost of illness study on which our calculations were mainly based have previously been described in the original publication [14] . However, there were some limitations that were specific to this analysis. These are mainly related to the limited availability of country-specific data, which is a substantial and common problem associated with health economic evaluations. Using average annual drug costs per patient provided by Helsana led to lower estimated total medication costs than the calculations of IMS Health. This difference can be explained by the different types of cost data: insurer data only include medication costs without additional patient co-payments whereas IMS Health includes both. There- [42] at lower costs than Aricept ® . As the price of donepezil will decrease and generics of galantamin, rivastigmin and memantine with decreased prices might follow in the future, the budget impact of the treatment with donepezil alone or in combination with memantine will be lower and the decreased prices could also have an effect on the cost-effectiveness of the combination treatment. Comparing memantine alone instead of cholinesterase inhibitors alone to combination treatment could decrease the cost benefit of the combination treatment, because memantine alone could have a greater health benefit than cholinesterase inhibitors alone. The budget impact of the combination treatment was calculated based on the assumption that 25% of all Alzheimer dementia patients receive treatment with antidementia drugs. Despite demographic changes the total amount of prescribed antidementia drugs has remained unchanged over the last years in Switzerland. Thus, percentage wise less Alzheimer dementia patients will be treated with antidementia drugs due to the increasing older population and increasing prevalence of Alzheimer dementia in the next years. The very low increase in antidementia drug costs from 2009 to 2010 according to the calculation of IMS Health [37] supports this hypothesis. If this remains the case in the following years, we would be overestimating the budget impact of the combination treatment. Of course, one should aim to increase the percentage of diagnosed Alzheimer dementia patients to improve treatment coverage and quality of life. As we did not know how many patients were treated with the combination treatment in Switzerland, we had to use empirical values from France. In this study [32] , 77% of all patients were treated compared to 25% in Switzerland and approximately 19% received the combination treatment. The overall treatment rate in France was much higher than in Switzerland, as for several years the French government has recognised Alzheimer disease as being a major national health issue. Therefore, our assumption that 19% would receive the combination treatment in Switzerland is likely to be an optimistic estimate of the real combination treatment rate. Not all patients are suitable for prescription of the combination treatment and only those patients already receiving treatment with antidementia drugs may possibly be suitable for the combination treatment. Patients, who initially receive a cholinesterase inhibitor and are subsequently switched to memantine according to their indication, will most likely not receive the combination treatment. If our assumption of the percentage of Alzheimer dementia patients receiving antidementia treatment with the combination treatment in Switzerland is an overestimate, the budget impact of the combination treatment will also be lower. Due to the lack of Swiss specific and actual data we had to rely on all input parameters in the cost-effectiveness model used by Touchon et al. [24] , except for the costs which were derived from Swiss sources. Probability of time to death calculated by Touchon et al. [24] based on the median survival of 4.5 years from onset of dementia [36] was maintained and was constant over the time horizon of the model and the same for both treatment groups, i.e. survival was not age dependent. The clinical parameters used were mainly based on the observational, non-randomised, American study by Lopez et al. [10] which could have biased the results of our cost-utility analysis. Differences in cultural, societal and economic characteristics between American and Swiss patients, e.g. regarding insurance coverage, nursing home placement, access to healthcare, drug reimbursement, etc. might influence time to nursing home placement and therefore, the main benefit included in the model (delay of 8.9 months to nursing home placement with combination treatment compared to mono treatment) could be different for Swiss patients. However, utility values, transition probabilities into a nursing home or death, and direct and indirect costs were varied in the sensitivity analysis to show the impact of the different model input parameters on the outcomes of the model. All results of the variations in the sensitivity analysis performed from a health care perspective confirmed the results of our base case analysis. There was only one case (care costs lowered to 80% of the original values) when the combination treatment was no more cost saving compared to the mono treatment from a societal perspective. Despite these limitations and according to our knowledge, this is the first attempt to calculate the potential budget impact and cost-effectiveness of the combination treatment of a cholinesterase inhibitor and memantine in Alzheimer dementia patients in a Swiss setting assuming reimbursement to have started in 2012. All other costs than medication costs were conservatively measured. Therefore, this study might have underestimated the real total costs of Alzheimer's dementia in Switzerland. By using optimistic foreign estimations of the percentage of Alzheimer dementia patients treated with the combination treatment, the additional medication costs are likely to be overestimated. Studies evaluating the clinical benefit of the combination treatment compared to the mono treatment showed additional benefit in Alzheimer dementia patients receiving both a cholinesterase inhibitor and memantine. The combination treatment is routinely used and reimbursed in several European countries, but not in Switzerland. The encouraging findings in this study may help decision makers to consider reimbursement of the combination treatment in Switzerland and in general, help to improve treatment coverage in Alzheimer dementia patients. 
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Figure 1
Structure of the Markov model from Lachaine et al. [23] . 
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Figure 3
Estimated cost distribution in the year 2016.
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